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2> ftflSft^lS* l mtt^rfe, S^fifrgE*. #r*E2N*i) 4>, a&tt3i2r&£ 
4. «J»ft*lS* l ^fJtW^rtt, »4*fiEtt^i 0r*fci*Wl> +, JMMfciWsM 

KAiftsis* i jrf»w*tt. zmmfrx wm&mi) mi±±w^jj& 

8> ftiRis^ i M^eo^r?*, ^#«^ s ^f3*^«i) Et>, iHMiatis^ 

9, ScMR^isf* i flf&warjs, m&#m2) dp, msmmvitfEM 

10, Scjw^js* i jwjiWMfe, w«e«^: m&#m2) ^mm^m® 




\ 



Ut^#DNAs *%*i#DNA, >f§{£RNA, $$g#: RNA jfil/jN& RNAo 

i7, «jffitwF!)£# i6 rr^^fe, &ffiEtt: m^mmmmmu* 2 

-100000 -fo 

is, &M.m*m& 15 pmmijte, ^m^-. m^mmm®* 0. 01 ^urn 

#--100 ^®*o 

^ffij^tta^ft^KBR^tt pcr j*m* 

21, tsMft^ysf* 1 mw^rj*. ^#tE^T: 0f^M^t/^*^'j, m 

22, &m&#m$. 1 n^^t mm-xm^, mffltm^mmm 
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&]**mmmm&mmVcfo&5hik>JLftni, ftlBiorobot 9600 #JBiorobot 9604 

(Qiagen^^) , ft&tt&sn&R^HTO £3rffctt%*n£tt4fc, <B»»{fclMl2li!r»ft, ffi 

M. Fodor ^ 1991 *P2E££jfcifc Science ±f^iitlJ DNA S^WttE^rJg (Fodor et 
al. , Science 251:767-773 (1991); Marshall et al. Nat. Biotechnol. 16:27-31 
(1998)), Ja^#B* DNA ^Aft*Klfe*S^<biochip)S*#5!JTffla^« (Cheng 
et al., yffoi. Diagn. 1:183-200 (1996)), ^^^^n^tWtf&KUlk, # 

1998 ^Jing Cheng f ^fflf M^fftWII, ^IttJI^Mtff 3 « 5 ft 
#*PA3l£jg|K,*2i± 50'C^W 20 ^Pi/IIJjLfflJ^SejRMafi 5 *^^^ (Cheng 
et al. Afef ore Biotechnology 16:541-546 (1998)). Jing Cheng ^A"i"&&'5&7n5 



\\m%iML*!®\> M&m.u*i%mmmi5&fcyK.tm (ifo^m) ftw&#> m^m 

%k¥M* **M496&*ttlJifc*fc. 1987) o 

m* ##*^ffl###£#l***tiito## (fluid discharge) , #!]£nni^> ^*£> 
fltt IMU RNA ^D/Jn^ RNAo 




mmmmmm*, ^m^#J^ nwm^m sds. 

mM&ftT%j&, &&fts i&nm* mis, &&&tt?*m&to&frT&n. 
mmm^^am^^mm^^wm^mm^, im^tm (molecular 

beacons) (Tyagi S. et al. , Nature Biotechnology, 14:303-308 (1996) ; and U.S. 
Patent No. 6,150,097) m&^U&fttii (Gen-Probe, Inc) CU. S. Patent No. 

6,004,745) *ffimitmM&3z4kft. m^m^m®, n^mmmm%m=?wm 
m-mu$kmmmm±* ^mmm%m^mmm^^±\m&m 99%»s#h^) , 

(Molecular Cloning A Laboratory Manual, second edition, J. Sambrook, E. 
Fritsch, T. Maniatis, Cold Spring Harbor Laboratory Press, 1989) , M1$, 

#fefe*3<!lt^Mf 0. 1XSSC, 0.1% SDS, 65V. ^Pil 

*W*f2K*#fe*S^Ss*»f^:Sfc^ i-2xss^ 0.1% sds, &£/8fc&$&K*:3a:3f 

50TC-65TC. ^ilftttjfcSi^fe^^^^a^* 2XSSC, *X/«fe»ffljaE* 
iSt^j 30°C-50'Co 

*-#jfeX^^»^Sftm*«ffi**rilAM*#Tffl^^ (5XSSPE, 0. 5% 

sds) , tommst-frm 3 m m^mmm ctmao w^^atfit^mft**. tmac 

MfMl&te A-T 0tt5tf*n G-C #3£*fto&<£;frlM#/|> f &#ttW&te&j£&2fiaa 
J**#TW*X»*ra^««^»WiScftWMttW^JR. fflUl TMAC fltMftffl, ^ 
^K$^*ffl«*ii5lJJ5f5*WrmaE*WIBtt (Wood et al. , /'roc. Afetf. ,W 



Sci. USA, 82:1585-1588 (1985)) . 

25%¥gy£> 5XSSC> 5XDenhart' s 100 u g /ml #■ 

®%.& mwmm^m^mm¥c^t^wmwm^w^ pcr t*m. 

(Ed. ) Current Protocols in Molecular Biology, 2. 11. Synthesis and purification 
of oligonucleotides, John Wiley & Sons, Inc. (2000)) , ■fanS^UA&i&'MM^ 1 

fo^WMVcfevSW^it triester (Matteucci et al. , J. Am. Chera. Soc. , 

3:3185-3191 (1981)) mfM&. £*h. ifa^^ilist S^^atfi^*. tfijftlitil 
^.ZiSMft^^SKcyanoethyl phosphoramidite)^^^"^^ Applied Biosynthesis 

^Ti&^.ft] 8— 4Rl»?(8-oxo-guanine),6— — 4^B£(6-mercaptoguanine)> 
4-ZiSISJ3fel^l3t ( 4-acetylcytidine ) . 5-^S3SZi3fe-^nK^ 
( 5- (carboxyhydroxyethyl) uridine^ 2— ft— ^^BfeP?&ljS ( 2' -0-methylcyt idine ) > 

(5-carboxymethylamino-methyl-2-thioridine) , 5 — SSS¥S~ IRf&IJt 

(5-carboxymethylaminomethyl uridine) 

( raethylphosphonate ) > & f& H 11 ^1 ( phosphotriester ) > 5rL -ft 88 IS tl 
(phosphorothioate) •> HftftttRMt (phosphorodithioate) gSc ^^S^HtSe^ . 

^Wtt— a*t'(Shaw et al. , Nucleic Acids Res., 19:747 (1991)) , 3' 

m ft . Rrmfiaift^attt^KffWKitPHiWf^ffl - e « hi n 

(Phosphoramidates) > (phosphorothioates ) , 

(raethylphosphonate) ^ftfeSlft^^JRft^lft^^W^ffl. X^K-HHi 
Mftift^rWttafllJRtt^K^JlJWIftiett. ^O^Pifflflif^tt (Milligan et al., 
J. Med. Chera., 36:1923 (1993)) . ft^^n^#ft«^KIRfi<rl£M^»m 
-HHo &^gl|BSz:flmM^^Mtt£ttmtt (phosphorothioate) , , ~5ft 
S^^SIIt (phosphorodithioate) , > r '£$H&gg& (raethylphosphonate) , Mft 



$$S£& (phosphoramidate) , (boranophosphate) , H$P@£S§3£ 

(phosphotriester) , 5' -MM (5' -thioether) , (carbonate) , 

(sulfate) , (sulfonate) , 5JtJj£ (sulfonamide) , ffl. (sulfone) , 3M 

&m (sulfite) , 3E5H. (sulfoxide) , (hydroxylamine) ^i$^^ 0 $&g£& 

mM^M^^UM. "JSk&M" (peptide nucleic acid) (Milligan et al. , 
J. Med. Chem., 36:1923 (1993)) . BLftftWiiRtir SlS6|n|lBfe DNA 

mtPTW^M 50 'Mg^&s 40 ^m^m 30 -t-&=gr&. 20 >N*=OT^ 15 ^feftM 
10 SIII. PW, ^^■5TW-feS20't^». 40^^, 
50 ^htt^K, 60 -l^^, 75 -f^^^ 100 200 W&m. 

mM'> 18^, Ml^3t^^:^M^20^ : S : ^5lj30^^^fi3, &4&& : &tt 

jbhutcit. a#fM-£&pmJ»-£ <«in 15-40 «cig) ^te^ae^f^^M^^ss: 

&m$6t$&m.W%m. mf&nS&mfe&^m&'&MJ&mmJ'-, ft Packard HydroGel 
chip (Broude el al. , Nucleic Acids Res. , 29(19) :E92 (2001)) . 

iooooo BI#a6JffiJL6«j|$fll®«T* IJAM. o. 01 W-ttXm loo ^F^M^o i&*ff.yU 

^ilftt^ll^£(l#Mt±, ft^tiSJt (biochip) . Si@#im^±i 




mnwi, vmft, m*> *^ j***, smk, 

^-flJU.S. Patent Nos. 5,143,854, 5, 384, 261 & 5, 561, OTl^M^fitJ^I^'V*; 
ST^ltt^, j&P£|IH^!jU.S. Patent No. 5,541,061, ^^,##6<J^, 
£pftB^!)U.S. Patent No. 5, 288, 514#IU. S. Patent No. 5,556,752, %flr%f&F 

^mii. S. PatentNos. 5, 677, 195^05, 384, 261«=f'^8&to$ft#*if3r$*. •fefg^ffl^fJ 
#^V*&tlH#^^^RrW^B-#flJU.S. Patent No. 5, 556, 752, "fffPJ, ^ 
j£#2T$£ (spotting methods) l&f^ffl^f !l£@tt£W@JMW#^f-ftM8fc 

^■a^Sib^te— »3^W»SR#^W0«^#JK#CweU trays). -H^C (manifold), 
^^IftiS*. #|$n£||@^!] U.S. PatentNos. 5,288,514, 5, 312, 233 #1 

6,024,138 4»^#aiw«tife. as— smar. mfomir&ft£W%m&<km-'fe&-5i 

m^^mitm^^ Si, Ge, GaAs, GaP, Si0 2 , SiN 4 , Wftm, 

^jR^+M-tt* «p c^ao ^-nt^, jr*z,»x mm 



Dattagupta et al. , Analytical Biochemistry, 177:85-89(1989) ; Saiki et al. , 
Proc. Natl. Acad. Sci. USA, 86:6230-6234(1989); and Gravitt et al. , J. Clin. 
Micro., 36:3020-3027(1998)) c 

m$ffr^um.&&mnfr^m®fammi£&m-m, mmm^mu.s. Patent 

No. 5,556,752) , ^W^^^^^^^lf ^£#r7£/&ltt^[x 

m, ^w^m^^m^m^Wo -^mm^~m.^% 6-50 tif, # 

(trichlorosilyl) (trialkoxysilyl) %.®M1&J&. ^S^S 

Wm (Aminoalkylsilanes) mSM'WiW&M (hydroxyalkylsilanes) , M. (2-f£ 

m z, & m ) - tisiHitsi^ 

(bis (2-hydroxyethyl)-aminopropyltriethoxysi lane) , 2 — 

(2-hydroxyethylaminopropyltriethoxysilane) , l^iEj^^H £j$t3lS 
V£ %k (. aminopropyltriethoxysilane ) ^]?iPllH£iSi)K 
(hydroxypropyltrjethoxysilane) ^SSt&^Wffl#JS#^,^tM*£'£SSo 

^^W-feRrfefe-^5S#^|3^#-K:^^ f i^§P^|w]^#fH]^M^|x^@ 
Wn, MS (amines) , JgS (hydroxyl) , ijiWg (thiol) , (carboxyl) 

^^•T-tS'li^ttM-lt^^. ^*^^®^J^^#W 2-14 'NM*. ~7tgc 
(diamines) , —TuWi (diacids) , %MW. ( amino acids) , J$C (peptides) 
^^^^^^[^-^^^^(aryl acetylene), Zl^Z^-If (ethylene glycol) 

Mft%$tt&vIUM.MZ J - S|(polyethyleneglycols),^^ : S : ^(polynucleotides), 
tf&Mt (alkylene) , &7tH& (polyalcohol ) , W1B (polyester) , "WM. (polyamine) , 
IMli (polyphosphodiester) , $#&/L#/&#&^I£- c »«fl 



• -) 

tana. j&»tfc«i#5£as®^#&ii. &&gm&^&m3&frm&nfaT£tom 

mjj&mf*&m (WflU.S. Patent No. 6,300,076) . 

#!N ^M'&IU'Sl^ i^^^^J^^JJ^x FRET (fluorescence resonance energy 
transfer) > MPlfi^o tt«WffiW#i3«*jS^3i3±SI<Efi^ttiW*fflS6#^. 
#ij£qg$ (Wisdom, C/iw. CAem , 22:1243 (1976)) ; g$j£$J (British Pat. No. 
1,548,741) ; mm (U.S. Patent Nos. 4, 230, 797 and 4, 238, 565) ; MWPM (U.S. 
Patent No. 4, 134, 792) s $1%% (Soini and Henunila, Clin. Chew. , 25:353 (1979) ) ; 

te4ft8Wili3t6i ^»4h^a^'J^n^J^M (Gorus and Schram, G/ju. 
to., 25:512 (1979) and ibid, 1531) : Wn^S^fii^ 4fi 

# ; iirw^tti^^n 3 h, 35 s, 31 p, 125 1, M c ^«ictiw^m^ 
MM&mfo^mz *r waist j&# s fi#s#atfTt& w . 




V; 



BtVX, tiU^^m^mmm, mmM^rMi^^mmmm^ (nitrophenyl phosphate) , 

m m * m. m ^ w o-mm-^m-^-^%m-mmm 

o-nitro-phenyl-D-galacto-pyranoside, ^M^H^n^^WM^^ . B^^J^'J^'S, 

furocoumarins^ ]$l^fPRiBft^, Br^ail^^$P^^a:^l»)SB#^-^o 

^^iS^lll^^W DNA W0-5#^^iU-^e^^v4$P®A^^v4 

Cintercalator) ^^tPS^jALW, 'fifpr^B^^P^'^^ffi. fcb^W^tt 
^'BJfiAtlM'&^^-^^^fiMMS^^ZlBS (mono-or bis-azido aminoalkyl 
raethidium) (ethidium compounds) , ZjVfet$-$k%7^VfeJ&&% 

(ethidium monoazide ethidium diazide) , ~ 7Litf&?fkM. (ethidium dimer azide) 
(Mitchell et al. , J. Am. Chem. Soc. , 104:4265 (1982))), 4-S^.-7-mR§fH* 

(4~azido-7-chloroquinoline) ,2 — ffkMM (2-azidof luorene) , 4' — 4, 
5' (4' -aminomethyl-4, 5' -dimethylangelicin) , 4' -I?I-H¥?>#(4' 

-|f S-4, 5' , 8 — H f'S — # # J3e 51 ) (4' -aminomethyl-trioxsalen 
(4' aminomethyl-4, 5' , 8-trimethyl-psoralen) ) , 3 — ^^—5 — gSt^ 8-KS~it 
— ^^^h#Ii^ ( 3-carboxy-5- or -8-amino- or -hydroxy-psoralen) <, Forster 
mAmmT-n^^mMmm^^S:n.it^^ff^mXmm (Forster et al. , 
Nucleic Acid Res. , 13:745 (1985)) „ ^ftilfitl^^i^fSA^Pll^^Ml^BS^ 
f& (2+2) ^faJr^q^^fli^MMo ^ft,^-di"BT^M^^^^^W DNA M 
SB#» -fe©. #'J£R ^—^^^^^t(bis-chloroethylamines)fP5f^^^ (epoxides) 
££#pypgPj£ (aziridines) , 0jj$p, flU^^ (aflatoxins) , &3$'&&**M,ft%9 

(polycyclic hydrocarbon epoxides) , (mitomycin) #o WM^fti fo% 
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(White et al. , Meth. EnzymoL , 46:644 (1977)). 

H3£««lft±irt» aa»K4«W5MIJP± 10-100 -t t ft^g. 

$P^H#^JU.S. Patent No. 5,348,855c &f^**R£^-&W35lSI DNA 

6*JSfi#&}S>£— £lZi^^H£ (bis-chloroethyl amines) W^WkM (epoxides) 
^#"YW& (aziridines) , Mfcl, (aflatoxins) , ^T^feW&tWkM 

(polycyclic hydrocarbon epoxides) , (mitomycin) ^ a 

mi^&M±^m^m^mmm^mmmm^m}¥?m^:^ 3' 

(psoralen) ^\&W$dM&ftft¥1ffin9Wt&¥^&-^. Ji^**!* 8 **-^ 
^ffllfe^^ifl*; *r#J3S* (psoralen) feRT&$fe|S3«TB«»&08 

tfllfrl, £«*W— > M££. J5»TWei6^J5l^l«#SjR (furocoumarin) 
W^^^- / t/^i#S'SW^^^^5lJ-j^, M&^ifcl^BiWSSt (furocoumarin) 
^^#S/sZjpp^^etJ^^f±. &fpafe6S-jjt (Aminomethylangelicin) , *h# 
(psoralen) fll^Mfc (phenanthridium) Wj^MOT^Mffl^ 
(Hertzberg et al, 7: Amer. Chew. Soc. , 104:313 (1982)) . ££"jgfi«lfc 
ffiK /&2H0&JSZ&#T» — ^>##j#g4W£fl 1. 4-T— CI, 4-butanediol 

to 



diglycidyl ether) «?rT DNA 

sd— %«&$jfi&ttMK. &u£-m, ^M^^a dna, mft&'&m&wB&'vj 
^j4o^m^, ft#-feiSA 2 in 20 -rjr?, -fetg^R^sus^ m^w, 1 ?, nm? 

(1,4-butanediol diglycidyl ether) , — (diisocyanate) , $tr_Mc 
(carbodiimide) , Z,~^ (glyoxal) , (glutaraldehyde) ^3«S^4*I. 

^S^P "^^^^"^7^ (Tyagi and Kramer, Nature Biotech. , 14:303-309 (1996) 
or U.S. Patent Nos. 5,119,801 and 5,312,728) Hfll. SMi^S: 
^^m^ttPoTW^ill^BJ^^o MJn. Rr^AlphaScreen w m^ffl?iJ*S: 
^^M*. AlphaScreenfe^-# "^a^ia^— ^Wi* (Amplified 
Luminescent Proximity Homogeneous Assay) " &7jt<> 600 nm titiM-ytMM~F > i& 

l^-^*J*rtfi»ftg#. 520-620 nmo 

C&flO jBJE¥**fl-BB CS#) . »WSfcffi*^*55A; IAEDANS (#t 
^P^Ttm (StiO . 2W&JEffi>&46 A; ##jR ^fJQSY-7 (£#) , & 

*«[BE*A61 A Cfl-^iBhk^) c 

m X ftJtflfcMfJSRfctfC (phosphoimagers) ^m^^^WP^r^t^^WfeUa 




S 1 £#fe«^3$ffitttei£&^# 

**ftflr»*w««*»«« (dna) m/^mmmmm 

(RNA) , fc|g»J* (inter alia) , *ttfc5*. 5Rtt*5*, 

JW. aHWSFBk (chimeras of nucleic acids) 

K. 5*h, ^-^^#^^^--^^ ( P hos P hodiester backbones) fc^fc 
pD^ffimm (phosphotriester) , £^OTft<polynucleopeptides) . 
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&BB (methylphosphonate) , %t^®ZWiWa ( phosphorothioate) ^W&^WSV^ 
(polynucleotides primers) , $i5fe^S£ (locked nucleic acid, LNA) fn^fcUt 

^wft-a-wft^Rjy^). aw^r*us^«F9i*^ra. mr*«sBi#&&#3?u 

*PlS#S -HM* ***** B ^ # ^ #7K ^ 

tbw. .nm> mm, *«u ««±&ia«, mi 

}* (m^fflia^ magnetically activated cell sorting) VX®i.m&J&4T hkStl&W 
JEffi-WWtH:. P^^^?'JM4>3r60%, 70%. 80%, 90%, 95%, 96%, 97%, 

98%, 99%, i00Ktt*fllM*£*«r'MIM&. "EK*4«W+*W**ltMME 

*sii~*a. 'm^m^m^m^ 95%, 96%, 97%, 98%, 99%, 100 



1 

\ 



9 v 

(watson-crick) fl$£BB5tt&PJ (DNA: DNA #} A-T C-G «fi 

£BB5tf, DM: RNA 3R4RJ6!*1 RNA: RNA ^fcjfc+W A— U *1 C—GflfcMBX*) 52 

^PiiJS: 0. l^XSSPE <aR#0. 1XSSC) , 0. 1%SDS, 65°C ; 
^T^iiJS: 0. 2%XSSPE (3R#1.0XSSC) , 0. 1%SDS, 50°C ; 
^tS-SE: 1.0%XSSPE (sE#5.0XSSC) , O.l^SDS, 50°C, 

ST) c 

i^Bj/^flltfj (melting temperature, Tm) " SJa^^^SXSI^ 

WSPDNA: DNA, DNA: RNA. RNA: RNA, PNA: DNA 5fT1 LNA: DNA Q$$t&MMttl$>&. 

(1) ^StB^^'SM (5to^/ococc M jawret«) C^J 1. 6X 10 9 cfu/mL) 

(2) 6% SDS, 0.1 M Tris, 0.05 M EDTA, 40 ng/uL Hit Hex 

(3) Sfc&ifc: 2XSSPE, 0.1% SDS 

(4) 20XSSPE: 3.6 M NaCl, 0. 2 M pH7. 4, 20 mM EDTA 

(5) i^w^a^ 4 #ttw#^tt»«-a*tt^*«iaw«ft*«- 

1: 

gfjffig 5'-3' ffigHSHfrff fll 5'-3' 

*J©ff8l NH.i -T12-GTATTAACTTTACTCCC TTCCTCCCCGCTGAAAGTACTTTAC-Hex 

£|TfelM« NH.i -T12-AGCAAGCTTCTCGTCCG TTCGCTCGAC TGCATGTAT TAGGC-Hex 

NH, -T12-GCGCCCGTTTCCGGAC GTTATCCCCCACTACCAGGCAGATTCC-Hex 

14 



NHj -T 1 2-ATTACTAACATGCGTTA GTCTCTCTTATGCGGTATT-Hex 



(1) ^0#^^^iaM^0##«^^@^io^^>t±^^^^ 

%M~&ft> #^^^^^^'300 ^m, #p n p^a^^J 150 unu 

(2) m^.n^^^^MW^MW. (1.6Xl0 9 cfu/mL) m^^BM^^L 1. 6X 10*, 
1.6X10 7 , L6X10 6 , 1.6X10 5 , 1.6X10\ 1. 6X 10 3 cfu/mLo 

(3) fr%m 1 1.6X10 8 , I.6XIO 7 , 1.6X10% 1.6X10% 1.6X10% 
1. 6X 10 3 cfu/mL Btl^ft, 10000 rpm ffito 5 £±?iio 

(4) ^S»K?Sa^^20 uLIJI^. ffc^'.Nfr&l'&o 

(5) 300 mV, 990 KHz fr$A$i'P 1 $M 2 (M£ffl%ftW> #J&*MJ&l*]tfJ 16srRNA ; 

nytui^mwBm^mm^mm^ ie s trna #7Mwkx*#-£, 

16s rRNAia^ttfiBlftgtfJ) » 

(6) jjqA2 jaL20XSSPE, »4g (fl^afc^r^ttflEHMS*. iJWBatttift 

o 

(7) IfclO MLjlPASSPEW^MftHOTlftWI^/t*^' 42*Cs&& 1 <hfch 

15 S5^, M^Fo 

(8) genepix scanner ftjfe&ffi, frWK.&&ftftft%T* 

ift 3 ^^^^PB'M^^^lfA (threshold) , W $K6=WJHI-3SD 0 

^mm^mm^m^m 1 #f^. lmLm^+s-w 1. ex 10% 

i.exio'. i.exio 6 , l.exio'-t-^E^WWWW, ^:J»*F*. 

W^^thW^ife'lt-^^KWtttlfeS^^. MWm<M.^U m\sk 1.6 X 10 s cfu/mL 





1.6E+03 


1.6E+04 


1. 6E+05 


1.6E+06 


1. 6E+07 


1. 6E+08 




-93. 3424 


-100. 931 


-72. 18 


-43. 6494 


-77. 1986 


-75. 9556 


£^ 


-107. 676 


-89. 5976 


33. 73486 


738. 1839 


4323. 385 


13114.04 


mm 


-119. 842 


-116. 431 


-80. 5966 


-59. 8994 


-96. 1153 


-88. 2889 




-98. 2591 


-81. 4309 


-44. 7633 


-19. 4828 


-78. 4486 


-69. 7056 



15 



ifc W * tt B 




1 



